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SELF-EMITTING ELEMENT, DISPLAY
PANEL, DISPLAY APPARATUS, AND
METHOD OF MANUFACTURING
SELF-EMITTING ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a Division of application Ser. No. 10/718,676 filed
Nov. 24, 2003. The disclosure of the prior application is
hereby incorporated by reference herein in its entirety.

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Applications No.
2002-365522 filed on Dec. 17, 2002 and No. 2003-049396
filed on Feb. 26, 2003, the entire contents of which are incor-
porated herein by reference.

BACKGROUND

1) Field of the Invention

The present invention relates to a self-emitting element like
an organic electro-luminescent element (hereinafter,
“organic EL. element™), a display panel, a display apparatus,
and a method of manufacturing the self-emitting element.

2) Description of the Related Art

In recent years, self-emitting flat panel displays (hereinaf-
ter, “FPD”) in which display panels including light-emitting
elements (e.g., organic EL elements) or plasma display panels
(hereinafter, “PDP”) are used have been developed. Such
display panels include a light-emitting layer disposed
between an anode electrode and a cathode electrode. The
light-emitting layer emits light when a voltage is applied
between the electrodes. The light emitted from the light-
emitting layer is recognized as characters or images when
viewed through a transparent medium or a transparent panel
that has a refractive index more than one.

The light from the light-emitting layer is radiated, or in
other words emitted in almost all directions (emitted at all
angles). Therefore, light that has an angle of incidence not
less than a critical angle with respect to an interface between
a transparent medium and an external medium undergo total
reflection at the interface and confined in the display panel.
For example, it is known that light emitted out of the display
panel, which uses the organic EL elements, is only about 20 to
30 percent of total light emitted from the organic EL ele-
ments.

One approach to increase the emitted light, i.e., to increase
efficiency of the light or increase light extraction efficiency,
inclined surface portions may be provided inside the panel.
Such inclined surface portions allow light propagating at not
smaller than the critical angle to undergo reflection or refrac-
tion, and therefore, the light is directed at an angle smaller
than the critical angle. Particularly, Japanese Patent Applica-
tion Laid-open Publication No. 10-189251 discloses a top-
emission display panel in which light is emitted from a side of
atransparent panel covering a light-emitting layer formed on
a base substrate. At a periphery of the light-emitting layer, a
wedged reflecting member is disposed, and thereby a reflect-
ing structure is formed. Moreover, Japanese Patent Applica-
tion Laid-open Publication No. 2001-332388 discloses a bot-
tom-emission display panel in which light is emitted from a
side of a base substrate on which a light-emitting layer is
formed. In this bottom-emission display panel, a structure in
which inclined surface portions are formed on an anode and a
cathode which sandwich the light-emitting layer.

However, in such structures in which angle of light emitted
from the light-emitting layer is changed by the inclined sur-
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face portions and thereby total reflection in the interface is
inhibited, the display panel is susceptible to become thick.
This may impose restriction on making of a very thin flat
panel display. To improve the light extraction efficiency from
the display panel, it is necessary to change by the inclined
surface portions the angle of light incident on the interface
between the transparent panel and the external medium at not
less than the critical angle. For this, it is necessary to design a
structure such that this light or a major part of this light is
incident without fail on the inclined surface. In other words,
to reduce light incident on the interface between the light-
emitting layer and the transparent panel at the critical angle, it
is necessary to form high inclined surface portions. This
results in thickening of the transparent panel. Therefore, to
improve the light extraction efficiency, a thick transparent
panel has to be used. This means that the thickness of the
display panel is not reduced. On the other hand, if the trans-
parent panel is made thin, the display panel can be made thin.
However, the amount of light incident on the interface at not
less than the critical angle increases. This results in deterio-
rating the light extraction efficiency.

Furthermore, the structure to change the angle of the light
does not allow all the light emitted from the light-emitting
element to be output from the display panel to the external
medium.

In a display panel in which a protective layer is deposited
ona display layer that includes the light-emitting element, not
all the output light from the light-emitting element is output to
the external medium. One of the causes of this is that there is
an interface also between the light-emitting element and the
protective layer and if the refractive index of the protective
layer is lower than the refractive index of the light-emitting
element, there is a critical angle when the light is input from
the light-emitting element to the protective layer. For
example, in a general structure of a display panel in which the
organic EL elements are sandwiched between the two elec-
trodes as light-emitting elements, a glass substrate is disposed
as a protective layer on the display layer formed on a sub-
strate. The refractive index of glass is 1.5 while the refractive
index of the light-emitting particle is 1.7. The light emitted
from the light-emitting element and passed through an elec-
trode contains a component that undergoes total reflection at
the interface. Therefore, out of the light emitted from the
light-emitting element, the light having an angle of incidence
on the glass substrate not less than the critical angle is
reflected at the boundary of the glass substrate and this light
cannot be extracted.

If the refractive index of the transparent panel on the dis-
play layer as a protective layer or an output layer is made
greater than the refractive index of the light-emitting element,
the light that is input from the display layer to the transparent
panel does not contain a component of total reflection. There-
fore, the light emitted from the light-emitting element can be
input to the transparent panel. However, if the refractive index
of the transparent panel is increased, the difference between
the refractive index of the transparent panel and that of air
(i.e., an external medium) becomes greater and the critical
angle of the light with respect to an interface between the
transparent panel and the external medium becomes smaller.
Due to this, even if the transparent panel having a refractive
index greater than that of the light-emitting element is used,
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the amount of light that is extracted in the external medium
does not increase. Therefore, the light extraction efficiency
cannot be improved.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least solve the
problems in the conventional technology. The present inven-
tion enables to provide a self-emitting element, a display
panel, a display apparatus, which improve light extraction
efficiency and thereby more light emitted from the light-
emitting element is output to an external medium, and a
method of manufacturing the self-emitting element.

The present invention allows light emitted from a light-
emitting layer to be incident on an interface at greater than a
critical angle, that is, allows the light to undergo total reflec-
tion. Whereas, the light that has undergone total reflection is
reflected on a reflective layer formed on an opposite side of
the interface, and thereby multiple reflection is caused to
occur. The light with the multiple reflection is guided to an
angle changer disposed at a periphery of the light-emitting
layer and the angle (i.e., propagating direction) of light is
changed.

A self-emitting element according to the present invention
includes a light-emitting layer that is disposed between elec-
trodes and that emits light upon applying a voltage between
the electrodes; a protective layer that covers an emitting side
of the light-emitting layer, forms an interface between the
protective layer and an external medium, and has a thickness
that allows the light emitted from the light-emitting layer to
undergo total reflection at least once at the interface in an area
of the corresponding light-emitting layer; a reflective layer
that covers an opposite side of the protective layer with
respect to the light-emitting layer; and an angle changer that
is disposed at a periphery of the light-emitting layer, and
changes a direction of the light propagating in the protective
layer so that the light is incident on the interface at less than a
critical angle.

In the self-emitting element according to the present inven-
tion, a thin protective layer having a thickness that allows the
light emitted from the light-emitting layer to undergo total
reflection at least once, is employed. This thin protective layer
enables to make the overall self-emitting element. Similar is
a case in a display panel that is equipped with a plurality of
light-emitting layers. Thus, by utilizing the total reflection at
the interface actively, it is possible to improve the light extrac-
tion efficiency and to make the display panel thin. On the
other hand, the light emitted at not less than the critical angle
with respect to the interface of the protective layer is sub-
jected to multiple reflection by the interface and the reflective
layer on the opposite side of the interface. Due to the multiple
reflection, the light reaches the angle changer disposed at a
periphery of the light-emitting layer. Here, the angle (direc-
tion) of the light is changed and the light is output to the
external medium. Since it is advisable to have a thin protec-
tive layer, an inclined structure that forms the angle changer
can be made thinner than a bank or a protrusion that is men-
tioned below. With such a structure, the light that has reached
at a periphery of the light-emitting layer due to the multiple
reflection is extracted with the angle (direction) changed by
the angle changer without fail. Therefore, the light extraction
efficiency is increased. Moreover, a high inclined surface is
notrequired as the angle changer. This reduces time and labor
required for making the inclined structure, thereby enabling
to provide the display panel at a low cost.

Thus, it is possible to provide the self-emitting element and
the display panel that can satisfy the two contradictory
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requirements, i.e., the improvement in light extraction effi-
ciency and the reduced thickness of the self-emitting element
orthe display panel. Particularly, in a self-emitting element or
adisplay panel in which an organic electro-luminescent light-
emitting layer is employed, the light extraction efficiency is
said to be 20 to 30 percent at the most. Therefore, the present
invention is very effective. Thus, a very thin display apparatus
that includes the display panel according to the present inven-
tion and the drive unit that displays an image by driving the
light-emitting layer of the display panel can be provided and
it is possible to display a bright image.

One aspect of the angle changer that changes the angle of
light propagated by the protective layer and makes it smaller
than the critical angle, is a reflective surface that is inclined to
have a wide emitting side. Further, the angle changer may also
be a refractive surface that is inclined to have a narrow emit-
ting side. In any of the cases, the inclined structure is neces-
sary.
Ifthe inclined surface that encloses the surrounding area of
the light-emitting layer is high and has a constant slope, the
higher the height of the inclined surface is, the longer the
distance between the light-emitting layers is. This results in
bigger size of the display panel that displays an image with
high resolution. Consequently, a display apparatus in which
this display panel is used becomes bigger. In other words, if
the inclined surface (the angle changer) is low, the distance
between the light-emitting layers is short. This allows to
reduce the size of a display panel and a display apparatus that
displays an image with high resolution, and to make them
compact.

Moreover, in a display panel in which a flat surface area
that includes the light-emitting layer and the inclined surface
corresponds to one pixel, the inclined surface (the angle
changer) is included in an area of the pixel with respect to an
area (light-emitting surface of the light-emitting layer) of
light emission per pixel. Since the area of the angle changer is
reduced by the present invention, the area of the pixel can be
reduced without reducing the amount of light emitted from
the pixel. This means that brightness of the display panel is
improved. Thus, the present invention leads to an advantage
othaving high brightness by reducing a pixel size and enables
to display very bright images or characters.

In the self-emitting element and the display panel, one of
the two electrodes that sandwich the light-emitting layer, in
other words an electrode that is on the opposite side of the
emitting side, can be made to be the reflective layer. By doing
so, a special reflective layer is unnecessary, and a thinner
self-emitting element and a display panel can be provided.

In the self-emitting element and the display panel accord-
ing to the present invention, it is advisable to form a bank that
projects on the emitting side to separate the light-emitting
layers from each other and to make an inner surface of the
bank as the angle changer. The self-emitting element and the
display panel according to the present invention may be con-
structed so that a sheet or a panel that includes the angle
changer is stuck as the protective layer. However, in this
construction, light (cross talk) tends to leak through a gap
between the light-emitting layer and the protective layer.
Moreover, bubbles enter the gap easily during sticking the
protective layer. The bubbles may cause scattering of light
thereby hindering the light efficiency. Further, it may be dif-
ficult to manufacture it without cross talk or entry of bubbles.

For this reason, the protective layer is formed in a region
surrounded with the bank by making the inner surface of the
bank that is formed at a periphery of the light-emitting layer
as the angle changer. This allows the protective layer to be
disposed very close to the light-emitting layer. In other words,
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it is possible to reduce the distance between the protective
layer and the light-emitting layer. As a result, the cross talk is
reduced. Moreover, forming the protective layer in the region
surrounded with the bank may be achieved by cast coating of
material of the protective layer. This cast coating enables to
avoid the entry of bubbles during the formation of the protec-
tive layer. With this structure, thickness of the protective layer
is absorbed in the thickness of the bank. In other words, the
thickness of the protective layer does not affect the thickness
of'the self-emitting element or the display panel, and a thinner
self-emitting element and display panel can be provided.

Therefore, it is possible to manufacture the self-emitting
element with high light efficiency by a method of manufac-
turing a self-emitting element, wherein the self-emitting ele-
ment includes a light-emitting layer that is disposed between
electrodes and that emits light upon applying a voltage
between the electrodes; a protective layer that covers an emit-
ting side of the light-emitting layer, forms an interface
between the protective layer and an external medium, and has
a thickness that allows the light emitted from the light-emit-
ting layer to undergo total reflection at least once at the
interface in an area of the corresponding light-emitting layer;
a reflective layer that covers an opposite side of the protective
layer with respect to the light-emitting layer; and an angle
changer that is disposed at a periphery of the light-emitting
layer, and changes direction of the light propagating in the
protective layer so that the light is incident on the interface at
less than a critical angle, and the method includes forming a
bank, as the angle changer, that projects on the emitting side
to separate the light-emitting layer from other light-emitting
layer; and forming the protective layer in an area that is
enclosed with the bank.

Furthermore, a protrusion made of an insulating material is
formed so as to project toward the emitting side from the
bank, and an inner surface of the protrusion may be made as
the angle changer. The protective layer is formed in a region
surrounded with the protrusion. However, compared to the
structure in which the inner surface of the bank is made to be
the angle changer, there is a possibility of occurrence of cross
talk in the bank. Therefore, the structure in which the inner
surface of the bank is made to be the angle changer is the most
desirable. On the other hand, in the structure in which the
inner surface of the bank is made to be the angle changer,
when a film like that of aluminum etc. is applied on the inner
side of the bank to make the angle changer, the electrodes that
are disposed so as to sandwich the light-emitting layer may
get short circuited by the angle changer. Therefore, it is nec-
essary to deposit an insulating film to avoid the short circuit.
Thus, the structure in which a protrusion is formed on the
bank and the inner surface of the protrusion is made to be the
angle changer is suitable in view of the ease of manufacturing
the display panel.

A self-emitting element in which an insulating protrusion
is formed on the bank and this protrusion is made to be the
angle changer, can be manufactured by a method that includes
forming a protrusion as the angle changer with an insulating
material to separate the light-emitting layer from other light-
emitting layer so that the protrusion is protruded from a bank
that projects on the light-emitting side; and forming the pro-
tective layer in an area that is enclosed with the protrusion.

The present invention can be applied to a self-emitting
element or a display panel. Thus, the present invention is
applicable to a display object or a display panel in which the
PDP, a light-emitting diode (hereinafter, “LED”), an inor-
ganic EL element, an organic EL element, or a field emission
element is used. Particularly, a display object (or a self-emit-
ting element) or a display panel in which organic EL. elements
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including an organic EL light-emitting layer as the light-
emitting layer is used has a very low light extraction effi-
ciency. Therefore, the present invention is very useful.

Moreover, in the present invention, refractive index of a
transparent output layer that includes the angle changer,
which changes the direction of the light emitted from the
light-emitting element into the direction of emission, is the
same or greater than the refractive index of the light-emitting
element. This is to achieve input of the light in the output layer
without any leakage of light. Also, the light incident on the
output layer is directed at an angle smaller than the critical
angle of the interface between the output layer and the exter-
nal medium. This is to enable output of the output light
efficiently to the external medium even if the output layer has
a high refractive index. In other words, the display object
(self-emitting element) according to the present invention
includes a display layer that includes the light-emitting ele-
ment and the transparent output layer that includes the angle
changer. The angle changer is disposed in the direction of
emission of the display layer, and directs the light emitted
from the light-emitting element in the direction of emission.
The refractive index of the output layer is the same as or
greater than the refractive index of the light-emitting element.

By making the refractive index of the output layer same or
greater than that of the light-emitting layer, the light directed
from the light-emitting element or the display layer to the
output layer has no component that undergoes total reflection.
All the light emitted from the front or the top of the light-
emitting element excluding light emitted from the bottom of
the light-emitting element is extracted in the output layer. By
providing in the output layer the angle changer that changes
the direction of the light by reflection or refraction, the direc-
tion of the light having a bigger angle of incidence with
respect to the interface between the output layer and the
external medium is changed so that the angle of incidence
with respect to the interface is smaller. Even if the critical
angle in the boundary with the external medium becomes
smaller due to increase in the refractive index, it can be input
to the external medium by making the angle of incidence
smaller than the critical angle. Thus, the light extraction effi-
ciency can be maintained or improved. Therefore, the self-
emitting element (the display object) according to the present
invention enables to reduce loss when the light is incident on
the output layer from the light-emitting element or the display
layer. As a result, the efficiency of light emitted from the
light-emitting element can be improved.

A micro lens or a micro prism that changes the direction of
light by refraction or a micro mirror that changes the optical
path by reflecting the light can be employed as the angle
changer that changes the optical path of the light in the output
layer. The micro lens can also be used as the output layer.

Even if an output layer having a high refractive index is
prepared, if an intermediate layer having a refractive index
smaller than that of the light-emitting element is disposed
between the light-emitting element and the output layer, the
light incident on the output layer is reduced by a component
that undergoes total reflection at the interface of the interme-
diate layer. On the other hand, even if an intermediate layer
having a refractive index greater than that of the output layer
is disposed between the light-emitting element and the output
layer, the light emitted from the light-emitting layer is inci-
dent on the output layer at less than the critical angle through
the intermediate layer. Therefore, there is no loss of light in
the intermediate layer. For this reason, it is necessary that the
refractive index of the intermediate layer is greater than that
of the light-emitting layer. If the light-emitting element is an
organic EL that emits light when a voltage is applied, it is
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necessary to deposit a transparent layer, which is an electrode
for applying voltage to the light-emitting element, on the
display layer. This transparent electrode layer becomes an
intermediate layer between the light-emitting element and the
output layer. Therefore, by making the refractive index of this
transparent electrode layer greater than that of the light-emit-
ting element, the loss of the output light in the transparent
electrode layer can be minimized.

On the other hand, when the difference between the refrac-
tive indices of the output layer and the transparent electrode
layer is high, there is a reflection of light at an interface of the
output layer and the transparent electrode layer due to difter-
ence in the refractive index and the efficiency of light is
reduced. Moreover, when an external light is incident, due to
reflection of the external light at the interface, the contrast is
reduced. Therefore, it is desirable to improve the efficiency of
light by providing an anti-reflective layer in the interface
between the transparent electrode layer and the output layer
and also minimize the reflection of the external light.

Light output from the output layer functions effectively
when passing through air (refractive index of air is approxi-
mately one) and reaching eyes of a user. A transparent sealing
layer may be provided in the direction of emission of the
output layer across a space from the output layer. In this case,
even if the space is filled with an inert gas having a refractive
index of approximately one and the sealing layer is formed by
a material having a refractive index of approximately 1.5, all
the light input from the output layer to an inert gas layer can
be input to the sealing layer. Further, since the refractive
indices of the inert gas layer and an air layer on the user side
are almost the same, all the light input to the sealing layer can
be extracted in air.

In the present invention, in addition to adoption of the thin
protective layer, the refractive index of the output layer is
made same or greater than that of the light-emitting element.
By doing so, the light extraction efficiency can be improved
further.

Thus, the self-emitting element (display object) according
to the present invention can improve further the efficiency of
the light emitted from the light-emitting element, thereby
enabling to output light having high brightness. Therefore, a
display panel in which a plurality of self-emitting elements
(display objects) are arranged two dimensionally in a matrix
form can provide sharp images having high brightness. More-
over, a display apparatus that includes the display panel
according to the present invention and the drive unit that
displays images by driving the light-emitting element of the
display panel makes it possible to display even brighter image
at low electric power.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of a display apparatus (a portable
telephone) in which a display panel according to the present
invention is installed;

FIG. 2 is a top view of the display panel according to the
present invention;

FIG. 3 is a cross sectional view of the display panel in FIG.
2;

FIG. 4 is a diagram indicating relationship between pixel
area and light-emitting area in the display panel in FIG. 2;

FIG. 5A to FIG. 5D are diagrams indicating process
according to a method of manufacturing the display panel in
FIG. 2;

FIG. 6 is a cross sectional view of another display panel;
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FIG. 7A to FIG. 7D are diagrams indicating process
according to a method of manufacturing the display panel in
FIG. 6;

FIG. 8 is a cross sectional view of still another display
panel;

FIG. 9 is a cross sectional view of still another display
panel;

FIG. 10 is a cross sectional view of the display panel
according to the present invention;

FIG. 11 is a graph indicating a relationship between refrac-
tive index and incidence rate of an output layer of the display
panel according to the present invention;

FIG. 12 is a cross sectional view of a substrate on which a
display layer is formed in the method of manufacturing the
display panel according to the present invention;

FIG. 13 isacross sectional view of a sheet on which a micro
mirror is formed in the method of manufacturing the display
panel according to the present invention;

FIG. 14 is a cross sectional view of the substrate on which
the sheet is stuck in the method of manufacturing the display
panel according to the present invention;

FIG. 15 is a cross sectional view of still another display
panel;

FIG. 16 is a cross
panel;

FIG. 17 is a cross
panel;

FIG. 18 is a cross
panel;

FIG. 19 is a cross
panel; and

FIG. 20 is a cross
panel;

FIG. 21 is a cross
panel;

FIG. 22 is a cross
panel.

sectional view of still another display
sectional view of still another display
sectional view of still another display
sectional view of still another display
sectional view of still another display
sectional view of still another display

sectional view of still another display

DETAILED DESCRIPTION

The present invention is explained in detail below with
reference to the accompanying drawings. FIG. 1 is a diagram
of a portable telephone as a display apparatus in which a
display panel according to the present invention is installed. A
portable telephone 1 in this embodiment includes a display
panel 10a on which data is displayed and a drive unit 9. The
display panel 10a includes organic EL. elements which is
self-emitting elements. The drive unit 9 that includes a micro
computer causes the organic EL element to emit light [ and a
user 90 views data that includes characters and images.

FIG. 2 is a top view of the display panel in an enlarged
form. FIG. 3 is a cross sectional view of a striped area I11. The
display panel 10q in this embodiment is formed by disposing
aplurality of pixels from the organic EL. elements in a matrix
form and can be driven by an active matrix or by a passive
matrix. The display panel 10qa includes a plurality of display
objects 19 or a self-emitting element 19 that is disposed in a
two dimensional direction in an array form or a matrix form.
The display object 19 or a self-emitting element 19 forms one
pixel and includes a separate light-emitting layer 14 and a
reflective surface 134 at a periphery of the light-emitting layer
14. Therefore, a two dimensional image can be displayed by
driving each of the display objects 19. Each of the display
objects 19 is disposed between electrodes and includes the
light-emitting layer 14 and a protective layer 18. The light-
emitting layer 14 emits light when a voltage is applied
between the electrodes. The protective layer 18 covers an
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emitting side of the light-emitting layer 14 and forms an
interface 18a with an external medium. The reflective surface
13a that is an angle changer provided at a periphery of the
light-emitting layer, changes the direction of light [.2 that is
propagated in the protective layer 18 to an angle less than a
critical angle of the interface 184 of the protective layer. Thus,
the efficiency of light and light extraction efficiency are
improved by changing the angle.

The display panel 10a further includes a substrate 11 thatis
a support of a panel like a glass substrate. A cathode layer 12
(also called as an electrode layer 12 or a reflective layer 12) is
deposited on an upper surface or a surface 11a of the substrate
11. The cathode layer 12 includes a signal line, a driving
element, and a film of multiple layers of a dielectric substance
or a metal like aluminum. Thus, in the display panel 10a in
this embodiment, the cathode layer 12 is a reflective layer and
has a function to reflect a part of light emitted from the
light-emitting layer 14 toward the protective layer 18 and to
reflect light that undergoes total reflection at the interface 18a
toward the protective layer 18. Further, a bank 13 of a prede-
termined height made of polyimide is deposited in a prede-
termined pattern on the upper surface 11a of the substrate 11.
An area 21 surrounded with banks 13 from four sides is
formed. The area 21 is an area of forming the organic EL.
light-emitting layer 14 and is a light-emitting area. In this
embodiment, the light-emitting area 21 that is rectangular in
shape having a size of 60 pmx90 um is formed. An area 22
(hereinafter “pixel area”), which includes inclined side sur-
faces (inclined surfaces) of the light-emitting area 21 and the
bank 13, corresponds to a pixel in the display panel 10a and
for example is a pixel area of a size 80 umx240 pm.

The light-emitting layer 14 is deposited on the area 21
using ink-jet technology. The bank 13 is a layer that can be
used for alignment during depositing the light-emitting layer
14 and separates the light-emitting layer 14. The light-emit-
ting layer 14 may be a separate layer that includes an organic
EL element or it can be a layer to which a hole transport layer
oran electron transport layer is added. A transparent electrode
(an anode layer) 15 made of indium tin oxide (hereinafter,
“ITO”) is formed on the light-emitting layer 14. When a
voltage is applied to the cathode layer 12 and the anode layer
15, the light-emitting layer 14 disposed between these elec-
trodes emits light. The protective layer 18 is deposited on the
anode layer 15 (light-emitting side) and the emitting side of
the light-emitting layer 14 is covered by the protective layer
18. The interface 184 is formed between the protective layer
18 and the external medium. In this case, the electrode layer
12 is a cathode and the electrode layer 15 is an anode. How-
ever, if the electrode layer 12 is a reflecting electrode and if
the electrode layer 15 is an optically transparent layer, there is
no need to restrict to the above mentioned combination.

The protective layer 18 is a thin and transparent layer. The
protective layer 18 has a thickness that allows the light emit-
ted from the light-emitting layer 14 at an angle greater than
the critical angle with respect to the interface 18a to undergo
total reflection at the interface 18a inside the area of the
light-emitting layer 14. In a conventional display panel that
changes an angle at the inclined surface, a protective layer has
a thickness that does not allow the light emitted from the
light-emitting layer at an angle such that it undergoes total
reflection, to reach an interface between the protective layer
and the external medium. Whereas, in the display panel 10a in
this embodiment, the protective layer 18, which has a thick-
ness that allows the light emitted at not less than the critical
angle to be reflected at the interface 18a, is deposited thinly.
Therefore, out of the light I emitted from the light-emitting
layer 14, light L1 emitted at an angle smaller than the critical
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angle with respect to the interface 18a is output from the
interface 18a to the external medium. Out of the light L, the
light [.2 emitted at an angle not smaller than the critical angle
with respect to the interface 18a undergoes total reflection
and returns toward the light-emitting layer 14 and is reflected
once again at the electrode layer 12. The light L2 is propa-
gated inside the protective layer 18. For example, if the pro-
tective layer 18 has a refractive index of 1.5, the light 1.2
incident on the interface 184 at not less than about 42 degrees
undergoes total reflection at the interface 18a and is propa-
gated inside the protective layer 18.

The light 1.2 propagated in the protective layer 18 reaches
the inclined surface of the bank 13 at a periphery of the
light-emitting area 21. The angle of the light 1.2 is changed to
less than the critical angle. Due to this, the light [.2 passes
through the interface 18a and is output to the external
medium. In other words, a side surface 13a¢ (hereinafter,
“reflective surface 134”) of the bank 13 is inclined so that it
becomes wider in the direction of the light-emitting side. A
reflecting film 24 of aluminum etc. is deposited on the side
surface 13a. Due to this, direction (angle) of the light [.2
subjected to repetitive reflection between the interface 18a
and the reflective layer 12 is changed at the reflective surface
13a. Therefore, the light 1.2 reflected from the reflective sur-
face 134 is incident on the interface 184 at smaller than the
critical angle and is output. For this reason, in the display
panel 10a in this embodiment, the light [.2 that undergoes
total reflection at the interface 18a due to the use of the thin
protective layer exists. However, since the light [.2 reaches
the reflective surface 13a due to multiple reflection and is
output to the external medium after having changed the direc-
tion, there is hardly any light that is confined due to total
reflection. This enables to provide a display panel that has
efficiency of light and light extraction efficiency similar to or
better than those of the conventional display panel equipped
with a thick protective layer and a high reflective surface.

In the conventional display panel, the protective layer is
formed so that a ray of light emitted from the light-emitting
layer to the interface between the protective layer and the
external medium is not reflected totally at the interface.
Therefore, it is necessary to make the protective layer thicker.
The thickness varies depending on the light-emitting area or
the pixel area but the thickness of the protective layer
becomes same or greater than the pixel size. For example, if
the light-emitting area or the pixel area is 50 umx50 um, the
required thickness of the protective layer 18 is 70 um. For the
display panel 10q in this embodiment, since it is assumed that
the light is reflected totally at the interface 18a of the protec-
tive layer 18 and the external medium, the protective layer 18
can be made thinner to the limit of performing the function of
protection. Therefore, for the light-emitting area or the pixel
area measuring 50 umx50 pm, it is possible to manufacture a
display panel having the very thin protective layer 18 of a few
micro meters. This enables to reduce the thickness of the
protective layer to one tenth, thereby realizing a very thin
display panel.

Moreover, the reflective surface 13a at a periphery of the
light-emitting layer 14 is for changing the direction of light
subjected to multiple reflection between the protective layer
18 and the reflective layer 12. The reflective surface 13 does
not change the direction of the light such that the light emitted
from light-emitting layer 14 by reflecting once is not reflected
totally at the interface 18a. Therefore, the height at which the
light emitted from the light-emitting layer 14 at an angle such
that it undergoes total reflection, is not necessary as in the
conventional display panel. This enables to reduce area per
pixel. FIG. 4 is an illustration indicating a relationship



US 7,821,202 B2

11

between the area occupied by the reflective surface 13a and
the light-emitting area 21 in the pixel area 22. If the angle of
the reflective surface of the display panel 104 is made same as
that of'the reflective surface of the conventional display panel,
the height can be reduced. This enables narrowing of the area
that is required to form the reflective surface 13a. Therefore,
it is possible to form the light-emitting area 21 that emits same
amount of light as in the conventional art with respect to the
pixel area 22 and the brightness per pixel increases. More-
over, since the light propagated through the protective layer
18 is output from the surrounding of the pixel, the display
object 19 has an amount of light in the surrounding equivalent
to the light at the center or more. This enables a display having
a high contrast and clear outline.

To put it the other way round, in the conventional art, since
the pitch between two pixels is limited, the height of the
reflective surface is limited. Therefore, the amount of light
output from the interface after having changed the angle by
the reflective surface is limited. Whereas, in the present inven-
tion, since the protective layer can be made thin and the height
of the reflective surface (inclined surface) 24 can also be
reduced, it is possible to make an inclined surface of the same
height as that of the protective layer 18 or the height greater
than that of the protective layer 18. This prevents escaping of
light that is propagated in the protective layer 18 and enables
to output the light from the interface 184 after having changed
its direction. Due to this, it is possible to provide the thin
display panel 10a having high light extraction efficiency.
However, when the protective layer 18 is made thin, the
number of reflections in multiple reflection increases. The
reflection at the interface 184 is total reflection and there is not
much loss. However, the light is absorbed at metal surfaces
like aluminum of the electrode 12 and also during the propa-
gation in the protective layer 18. Thus, the making of the
protective layer 18 thin results in loss due to absorption and
this may affect the light extraction efficiency.

In any of'the cases, in the display panel 10q in this embodi-
ment, it is possible to make the protective layer thin without
reducing the light extraction efficiency or with improvement
in the light extraction efficiency. This structure enables to
achieve two opposite requirements viz. improvement in the
light extraction efficiency and making of a thin display panel.
Thus, a bright and thin display panel can be manufactured or
provided. Further, a low reflective surface can be used and not
only the improvement in light extraction efficiency but also
the improvement in the brightness per pixel can be easily
achieved together. Thus, it is possible to provide a display
panel that can display a very bright image. Further, in the
display panel 10q, since the electrode 12 disposed on a side
opposite to the emitting side of the light-emitting layer 12 is
also used as a reflective surface, this is the most suitable
arrangement for manufacturing a thin display panel. More-
over, there is no need to consume energy more than that is
required. This saves the power consumption of a display
apparatus 1 and enables to improve the reliability of the
organic EL element.

FIG. 5A to FIG. 5D are diagrams indicating process in a
method of manufacturing of the display panel 10a. As is
shown in FIG. 5A, a substrate 11, like a glass substrate is
arranged and the electrode layer (cathode layer) 12 made of
aluminum is deposited on the surface 11a. The bank 13
formed with polyimide is formed on the electrode layer 12.
The reflecting film 24 which is an aluminum film or a film of
multiple layers of a dielectric substance is formed on the side
surface (inclined surface) 13a of the bank 13. While forming
the conductive reflecting film of aluminum etc., it is necessary
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to form an insulating film to avoid short circuit between the
electrode 12 and the electrode 15.

Further, as is shown in FIG. 5C, the light-emitting layer 14
is deposited on area that is surrounded with the bank 13 by
impact or by dropping ink solution including an organic EL
material by ink-jet method. Further, the electrode layer (an-
ode layer) 15 is deposited on the light-emitting layer. Then, as
is shown in FIG. 5D, the thin protective layer 18 is deposited
on the emitting side of the substrate 11 formed by the elec-
trode layer 12, the bank 13, the light-emitting layer 14, and
the electrode layer 15. Thus, the display panel 10a is manu-
factured.

FIG. 6 is a cross sectional view of another display panel. In
the display panel 10a mentioned above, the reflective surface
13a is formed on the bank 13 that surrounds the light-emitting
layer 14 and the reflective surface 13a is disposed on side of
the light-emitting layer 14. In other words, there is no gap
between the reflective surface 134 and the light-emitting layer
14 in a vertical direction or in a direction of emission. Thus,
this structure prevents the leakage of light (cross talk) emitted
from the light-emitting layer 14 and the maximum efficiency
of light is achieved. Further, in this structure, the protective
layer 18 is deposited to a small extent on the bank 13 but it is
desirable that the protective layer 18 is on the anode layer 15.
It is possible to form a structure in which the anode layer 15
is covered by the protective layer 18 having a thickness less
than the height of the bank 13. This enables to have a very thin
display panel. However, in this display panel 10a, to prevent
short circuit between the electrodes, there is a need to form an
insulating layer while forming the reflective layer 13a which
may complicate the manufacturing of the display panel to a
small extent.

Whereas, in a display panel 105 that is shown in FIG. 6, the
reflecting film 24 is not formed on the inclined surface 13a of
the bank 13 but the anode 15 is formed on the bank 13 and the
light-emitting layer 14. Further, the protrusion 25 made of an
insulating material is formed on the anode 15 in a position
piled up on the bank 13. The reflecting film 24 is formed on an
inclined surface 25a of the protrusion 25. The area sur-
rounded with the protrusion 25 is covered by the protective
layer 18. With this display panel 105, there is no concern of
short circuit of electrodes by the reflecting film 24 and there is
no need to form an insulation film to prevent short circuit
between the electrodes. This facilitates manufacturing of the
display panel 105. However, since there is a gap between the
light-emitting layer 14 and the reflective surface 25qa in the
direction of emission, there may be a leakage of light from a
part of the bank 13. The height of the protrusion 25 in the
display panel 106 can be kept about the same as that of the
bank or may be varied. To make the control panel thin, it is
desirable that the height of the protrusion 25 is low. On the
other hand, when the protective layer 18 is required to be thick
enough to perform the function of protection, the thickness of
the protective layer 18 can be controlled freely by adjusting
the height of the protrusion 25.

The display panel 105 can be manufactured by the follow-
ing method. To start with, similarly as in the case of the
display panel 10a, the electrode 12, the bank 13, and the
light-emitting layer 14 are formed on the surface 11a of the
substrate 11 shown in FIG. 7A. As is shown in FIG. 7C, the
electrode layer 15 is formed on the light-emitting layer 14 and
the bank 13. Further, a protrusion 25 made of an insulating
material is formed on the bank 13 (i.e., piling up on the bank
13). The reflecting film 24 is formed on the inclined surface
25a of the protrusion 25. Then, as is shown in FIG. 7D, the
protective layer 18 is formed by casting a material that forms
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the protective layer in the area surrounded with the protrusion
25. Thus, the display panel 105 is manufactured.

FIG. 8 is a cross sectional view of still another display
panel 10c. The display panel 10¢ includes the bank 13, a
transparent layer 30, and a refractive surface 31. The trans-
parent layer is piled up on the bank 13 and has a refractive
index different than that of the protective layer 18. The refrac-
tive surface 31 is formed as the angle changer so that the
direction of emission becomes narrow. Thus, the angle
changer can also realize the refractive surface apart from the
reflective surface.

FIG. 9 is a cross sectional view of still another display
panel 104. The display panel 104 includes a protective sheet
18 thathas a protrusion 28. The reflecting film 24 is formed on
a wall surface (inclined surface) of the protrusion 28. The
protective sheet 18 is joined to the emitting side of the sub-
strate 11 where the bank 13 is formed, through an adhesive
layer 26. In the case of this structure, if the distance between
the apex of the mirror 24 and the interface 184 of the protec-
tive layer 18 is long, there is a leakage oflight from the gap in
between. Therefore it is desirable to prevent the leakage of
light by shortening these distances (gaps) to the possible
extent.

In all the embodiments mentioned above, the reflective
surface is inclined such that it is becoming wider toward the
light-emitting side. It is also possible to have the reflective
surface inclined so that it is becoming narrow toward the
light-emitting side. However, if the reflective surface is
becoming wider toward the light-emitting side, the number of
reflections between the interface 18a and the reflective layer
12 can be decreased. Therefore, considering the absorption
loss at the reflective layer 12 or transmittance of the light-
emitting layer 14 etc., from point of view of minimizing the
decline in the optical power due to the multiple reflection, it is
desirable to have the reflective surface that becomes wider in
the direction of emission.

FIG. 10 is an enlarged view of a part of cross section of a
display panel 104 that is a self-emitting element included in
another display panel 103. The display panel 103 includes a
substrate 105, adisplay layer 110, and an output layer 130 that
are deposited in order on the substrate 105. The display object
110 is separated by a bank 112 made of polyimide. The
organic EL element disposed two dimensionally in a matrix
form is taken as a light-emitting element 111 which is a
light-emitting layer. This light-emitting element 111 is sand-
wiched between an electrode 120 and an electrode 121. Out of
these two electrodes, the electrode 120 on the side of the
output layer 130 is a transparent electrode of a material like
ITO. Therefore, for each light-emitting element 111, the sub-
strate 105, the display layer 110, and the output layer 130 are
deposited one above the other to form the display object 104.
The display panel 103 includes a plurality of the display
objects 104 disposed in the form of a matrix.

In the display panel 103 that includes the organic EL ele-
ments as the light-emitting elements, the refractive index of
the light-emitting element is 1.7. If the transparent electrode
layer 120 is made of ITO, the refractive index becomes
approximately 2.0.

The whole of the output layer disposed on the light-emit-
ting side of the transparent electrode layer 120 is transparent.
A sheet 131 is provided with areflecting plate 132 that reflects
light 108 emitted from the light-emitting element 111. The
sheet 131 having the reflecting plate is stuck to the display
layer 110 by a transparent adhesive layer 133.

The sheet 131 and the adhesive layer 133 in the present
embodiment are formed by an aryl resin that includes a large
number of multiple bonds like a double bond and a triple
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bond, and the refractive index is made to be approximately
1.7. Therefore, in the display panel 103 in this embodiment,
the refractive index of the output layer is about the same as
that of the light-emitting element 111. Due to this, at a first
interface 1305 between the display layer 110 and the output
layer 130, out of the light emitted from the light-emitting
element 111, there is no component in the output light 108
that is output in a direction D1 (direction of emission or
forward direction) of a user 109 and that undergoes total
reflection. Thus, the whole of the output light 108 from the
light-emitting element 111 is transmitted to the output layer
130.

Actually, the refractive index of the transparent electrode
layer 120 is about 2.0 and when the refractive index of the
output layer 130 is less than that of the transparent electrode
layer 120, there is a total reflection of the output light 108 at
the first interface 1305. However, the whole of the light 108
transmitted from the light-emitting element 111 to the trans-
parent electrode layer 120 is input to the first interface 1305 at
an angle not greater than the critical angle. Therefore, even if
the refractive index of the output layer 130 is less than the
refractive index of the transparent electrode layer 120, the
output light 108 is not reflected totally at the first interface
1304. Due to this, if the refractive index of the transparent
electrode layer 120 is either same or greater than that of the
light-emitting element 111, by comparing the refractive indi-
ces of the light-emitting element 111 and the output layer 130,
the judgment of whether the output light 108 from the light-
emitting element 111 is transmitted to the output layer 130 or
not can be made.

On the other hand, when the refractive index of the trans-
parent electrode layer 120 is less than the refractive index of
the light-emitting layer 111, a part of the output light 108 is
reflected totally at the interface of the transparent electrode
layer 120 and the light-emitting element 111. Therefore, there
is a decline in the efficiency of the output light 108.

In the display panel 103 of this embodiment, out of the
output light 108 input to the output layer 130, the light input
to an interface 130q at an angle smaller than the critical angle
at the interface 130a being an interface with the external
medium, passes through the interface 130a and is output to
the external medium. Whereas, out of the output light 108
input to the output layer 130, the light having an angle of
incidence greater than the critical angle is reflected by the
reflecting plate 132 on the sheet 131 so that the angle of
incidence at the interface 130a becomes smaller. Therefore,
the light that is input to the output layer 130 is output directly
or after being reflected at the reflecting plate 132 passes
through the interface 130a and is output to the external
medium 150.

FIG. 11 is a graph indicating a relationship between the
proportion of incidence (incidence rate) of the output light
108 on the output layer 130 and the refractive index of the
output layer 130 when the refractive index of the light-emit-
ting element 111 is 1.7. If the refractive index of the output
layer 130 becomes greater than that of the light-emitting layer
111, incidence ratio becomes one. This indicates that there is
no loss due to total reflection. When a glass substrate that
contains silica as a main component is used, since the refrac-
tive index is approximately 1.5, the incidence ratio becomes
0.78. Therefore, by increasing the refractive index of the
output layer 130 than that of the light-emitting element 111,
the proportion of the output light input to the output layer
increases by approximately 30 percent. Due to this, if the
output light 108 input to the output layer 130 is output to the
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external medium from the external layer 130, the efficiency of
light can be improved by about 30 percent according to the
present invention.

Resins that contain multiple bond like double bond, triple
bond etc. are desirable as resins having a high refractive index
of not less than 1.7 and it is easy to achieve high refractive
index with aryl resins.

FIG. 12 to FIG. 14 are cross sectional views that depict the
manufacturing process of the display panel 103 in FIG. 10. As
is shown in these diagrams, the substrate 105 on which the
display layer 110 having the organic EL element 111 depos-
ited in the form of a matrix is prepared (FIG. 12). Apart from
this, a protrusion 134 that is trapezoidal in shape is formed on
the lower surface in the form of a matrix. The sheet 131 is
prepared by providing the reflecting plates 132 on inclined
surfaces of the protrusion 134 (FIG. 13). Then, as is shown in
FIG. 14, the sheet 131 is stuck by the adhesive layer 133 so
that a side of the display layer 110 of the substrate is covered
by the sheet 131. Thus, the display panel 103 can be prepared
manufactured. The compositions of or the materials of the
sheet 131 and the adhesive layer 133 may be the same or may
be different. The composition or the material is to be selected
so that the refractive index of each layer is greater than the
refractive index of the light-emitting element 111. One of the
embodiments is an aryl resin. Besides this, high refractive
index can be achieved by a resin that contains a large number
of multiple bonds like double bond and triple bond.

As mentioned above, the output light 108 input to the
output layer 130 is output from the output layer to the external
medium 150. To improve the output efficiency of the light
108, the reflecting plate 132 is used for changing the direction
of the light. The present invention is explained with this
embodiment of the display panel. However, refraction may be
used for changing the direction.

FIG.15isacross sectional view of a different display panel
103a. The display panel 103a includes a display object 104a
disposed in a matrix form. The display object 104a includes
the output layer 130 that has micro lens 136 on the inner side.
The micro lens 136 changes the direction of the output light
108 by the refractive surface.

The output layer 130 includes a lens sheet 135 and an
adhesive layer 133. The lens sheet 135 is processed so that the
lower surface of the micro lens 136 forms a refractive surface.
If the refractive index of the lens sheet 135 is the same as that
of the adhesive layer 133, the micro lens 136 is not formed.
Therefore, it is desirable that the refractive index of the adhe-
sive layer 133 is greater than that of the lens sheet 135.
Further, if the refractive index of the adhesive layer 133 is
greater than that of the light-emitting element 111, similar as
in the display panel 103, the output light 108 of the light-
emitting element 111 is input to the output layer 130 without
any leakage. The direction of the output light 108 is changed
atthe micro lens 136 and it can be output from the output layer
130 to the external medium 150. This enables to provide a
display panel with even higher efficiency of light.

FIG. 16 is a cross sectional view of another display panel
1034. In the display panel 1035, the micro lens 136 is the
output layer 130. In the display panel 1035, a display object
1045 is disposed in the form of a matrix. In the display object
104, a refractive surface being a micro lens 136 is an interface
130a with the external medium 150. In the display panel
1035, a surface of the micro lens 136 is the interface 130a.
The angle of incidence of the output light 108 becomes
smaller than the critical angle by changing the inclination of
the interface 130a. As a result, it is possible to output the
output light to the external medium 150 with improved effi-
ciency. Thus, the efficiency of light is further improved.
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These micro lenses 136 can be formed directly on the
transparent electrode layer 120 by ink-jet method. This
enables to provide a thin and very bright display panel at low
cost.

FIG. 17 is a cross sectional view of still another display
panel 103¢. The display panel 103 includes a transparent
sealing layer 140 on the emitting side of the micro lens 136.
An inert gas 142 having a refractive index not less than one is
filled inside the sealing layer 140. The sealing layer 140 and
the inter gas 142 prevent the deterioration of the organic ELL
element 111 due to oxidation or absorption of moisture. The
display panel 103¢ transmits the output light 108 to the user
109 through the external medium (air) having a refractive
index of one and displays an image. For this reason, if the
refractive index of the inert gas 142 inside the sealing layer
140 is less than one, the critical angle at the interface 130a
between the output layer 130 and the inert gas 142 becomes
smaller than the critical angle at the interface with air, thereby
increasing the loss due to the total reflection. Whereas, if the
refractive index of the inert gas becomes greater than one, the
refractive power of the micro lens 136 decreases. Due to this,
the efficiency of changing the direction ofthe output light 108
to D1 is declined. Moreover, if the refractive index of the
sealing layer 140 is not less than that of the inert gas 142, there
is a loss due to the total reflection when the light is incident on
the sealing layer 140. This imposes limitations on selection of
material of the sealing layer 140. Therefore, it is desirable that
the refractive power of the inert gas is approximately one.

FIG. 18 is a cross sectional view of still another display
panel 103d. In this display panel 1034 a display object 1044
is disposed in a matrix form. In the display object 1044, an
anti-reflective layer 145 is deposited on the transparent elec-
trode layer 120 and the output layer 130 is formed by the
micro lens 136. When there is a big difference in the refractive
index of the output layer 130 and that of the transparent
electrode layer 120, even ifthe light is incident at the interface
of'the output layer 130 and the transparent electrode layer 120
at less than the critical angle, there is a reflection due to the
difference in the refractive index and the efficiency of light is
declined. Moreover, external light 107 like sun light or illu-
minated light that is input to the display panel 103 from the
external medium 150 is reflected due to the difference
between the refractive index of the output layer 130 and that
of' the transparent electrode layer 120. This declines the con-
trast of the output light 108 emitted from the light-emitting
element 111. To avoid this, the anti-reflective layer 145 is
disposed between the display layer 110 and the output layer
130, i.e. between the transparent electrode layer 120 and the
output layer 130. This improves the efficiency of light and
prevents the reflection of the external light 107. In the display
panel 103, to prevent reflection due to the difference in the
refractive index of all layers, it is desirable to dispose an
anti-reflective at the interface of the light-emitting element
111 and the transparent electrode layer 120. However, it is not
possible to dispose an insulating anti-reflective layer between
the light-emitting element 111 and the transparent electrode
layer 120. Therefore, the anti-reflective 145 is disposed
between the display layer 110 and the output layer 130 and the
reflection due to the difference in the refractive indices is
reduced as much as possible. This enables to provide the
display panel 103d that can display a clear image with high
contrast and high light extraction efficiency.

In the display panels 103 to 1034 mentioned above, a
material having a high refractive index is used for the output
layer 130 to supply the light 108 that is output from the
light-emitting element 111 to the output layer 130 without
leakage. The optical path is changed at the output layer 130
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and the light is incident on the interface 130a with the external
medium at an angle smaller than the critical angle that
becomes smaller due to use of the material having a high
refractive index. Thus, the efficiency of light is further
improved. The direction of the output light 108 can be
changed by reflection or refraction. In a case of changing the
direction of the output light by refraction, it is possible to use
prism instead of restricting to lens.

According to the result of simulation in FIG. 11, with the
present invention, compared to the case of not using the
material having a high refractive index, it is possible to
improve the efficiency of light further by about 30 percent.
The present invention enables to provide a display panel that
can display a clear image with high brightness at low power
consumption.

FIG. 19 is a cross sectional view of still another display
panel 203. The display panel 203 according to the present
embodiment includes a large number of pixels that are the
organic EL elements and are disposed in a matrix form, and
can be driven by an active matrix or by a passive matrix. The
display panel 203 includes a plurality of display objects 219
that are disposed in an array form or a matrix from in two
dimensional direction. The display object 219 or a light ele-
ment forms one pixel. The display object 219 includes a
separate light-emitting layer 214 and a reflective surface 213a
provided at a periphery of the light-emitting layer 214.

Therefore, by driving each display object 219, a two
dimensional image can be displayed. Each display object 219
is disposed between the electrodes and includes a light-emit-
ting layer 214 and a protective layer 218. The light-emitting
layer 214 emits light when a voltage is applied between the
electrodes. The protective layer 218 is deposited on the emit-
ting side of the light-emitting layer 214 and forms an interface
218a with the external medium. A reflective surface 213 is an
angle changer provided at a periphery of the light-emitting
layer 214. The reflective surface 213 changes the direction of
light [.22 that is propagated inside the protective layer 218 so
that the angle is smaller than the critical angle of the interface
218a. This improves the efficiency of light and the light
extraction efficiency of light.

The display panel 203 includes a substrate 211 like a glass
substrate that is a supporting plate of a panel. A cathode layer
212 (also called as an electrode layer 212 or a reflective layer
212)is deposited on an upper surface of the substrate 211. The
cathode layer 212 includes a signal line, a driving element,
and a film of multiple layers of a dielectric substance or a
metal like aluminum. Thus, in the display panel 203 in this
embodiment, the cathode layer 212 is a reflective layer and
has a function of reflecting a part of light emitted from the
light-emitting layer 214 toward the protective layer 218 and to
reflect light that undergoes total reflection at the interface
218a toward the protective layer 218.

Further, a bank 213 of a predetermined height made of
polyimide is deposited in a predetermined pattern on the
upper surface 211a of the substrate 211. An area 221 sur-
rounded with banks 213 from four sides is formed. The area
221 is an area of forming of the organic EL light-emitting
layer 214 and is a light-emitting area.

The light-emitting layer 214 is deposited on the area 221
using the ink-jet technology. The bank 213 is a layer that can
be used for alignment during depositing the light-emitting
layer 214 and separates the light-emitting layer 214. The
light-emitting layer 214 may be a separate layer that includes
an organic EL element or it can be a layer to which a hole
transport layer or an electron transport layer is added. A
transparent electrode (an anode layer) 215 made of ITO is
deposited on the light-emitting layer 214. When a voltage is
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applied to the cathode layer 212 and the anode layer 215, the
light-emitting layer 214 disposed between these electrodes
emits light. The protective layer 218 is deposited on the anode
layer 215 (light-emitting side) and the emitting side of the
light-emitting layer 214 covered by the protective layer 218.
The protective layer 218 forms the interface 218a with the
external medium. In this case, the electrode layer 212 is a
cathode and the electrode layer 215 is an anode. However, if
the electrode layer 212 is a reflecting electrode and if the
electrode layer 215 is an optically transparent layer, there is
no need to restrict to the above mentioned combination.

The protective layer 218 is a thin and transparent layer. The
protective layer 218 has a thickness that allows the light
emitted from the light-emitting layer 214 at an angle greater
than the critical angle with respect to the interface 218a to
undergo total reflection at the interface 184 inside the area of
the light-emitting layer 214. In a conventional display panel
that changes an angle at the inclined surface, a protective
layer, which has a thickness that does not allow the light
emitted from the light-emitting layer at an angle of total
reflection, to reach an interface between the protective layer
and the external medium. Whereas, in the display panel 203 in
this embodiment, a film of the protective layer 218 that is
deposited, has a thickness that allows the light emitted at not
less than the critical angle to reach the interface 2184 and to
be reflected from the interface 218a. Therefore, out of the
light L that is emitted from the light-emitting layer 214, light
[.21 emitted at an angle smaller than the critical angle of the
interface 218a is output from the interface 218a to the exter-
nal medium and light [.22 emitted at an angle not smaller than
the critical angle of the interface 218a undergoes total reflec-
tion and returns toward the light-emitting layer 214 and is
reflected once again at the electrode layer 212. The light [.22
emitted at not smaller than the critical angle, is propagated
inside the protective layer 218.

The light 1.22 propagated in the protective layer 218
reaches the inclined surface of the bank 213 at a periphery of
the light-emitting area 221. The angle of the light 1.22 is
changed and becomes less than the critical angle. Due to this,
the light [.22 passes through the interface 218a and is output
to the external medium. In other words, a side surface 213a of
the bank 213 is inclined so that it becomes wide in the direc-
tion of the light-emitting side. A reflecting film 224 of alumi-
num etc. is deposited on the side surface 213a. Due to this,
direction (angle) of the light [.22 that is subjected to repetitive
reflection between the interface 2184 and the anode layer 212
that is a reflective layer is changed at the reflective surface
214a. Therefore, the light 1.22 reflected from the reflective
surface 213¢ is incident on the interface 218a at an angle
smaller than the critical angle and is output. For this reason, in
the display panel 203 in this embodiment, the light [.22 that
undergoes total reflection at the interface 218a due to the use
of the thin protective layer, exists. However, since the light
[.22 reaches the reflective surface 213a due to multiple reflec-
tion and is output to the external medium after having
changed the direction, there is hardly any light that is confined
due to the total reflection. This enables to provide a display
panel that has efficiency of light and light extraction effi-
ciency equivalent to or better than those of the conventional
display panel equipped with a thick protective layer and a
high reflective surface.

In the display panel 203 in this embodiment the refractive
index of the light-emitting layer 214 that is formed by the
organic EL is 1.7. If the anode layer 215 that is a transparent
electrode layer is made of ITO, the refractive index become
approximately 2.0.
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The protective layer 218 in the present embodiment is
formed by an aryl resin that includes a large number of mul-
tiple bonds like a double bond and a triple bond, and the
refractive index is made to be approximately 1.7. Therefore,
in the display panel 203 in this embodiment, the refractive
index of the protective layer 218 that is an output layer, is
about the same as that of the light-emitting layer 214. Here,
the cathode layer 212, the light-emitting layer 214, and the
anode layer 215 form a display layer 210. At a first interface
2305 between the display layer 210 and the protective layer
218 that is an output layer, out of the light that is output from
the light-emitting layer 214, there is no component in the
output light that is output in a direction D1 of a user 209 that
undergoes total reflection. Consequently, the whole of the
output light from the light-emitting layer 214 is transmitted to
the protective layer 218.

Actually, the refractive index of the anode layer 215 that is
atransparent electrode layer is about 2.0 and when the refrac-
tive index of the protective layer 218 that is an output layer is
less than that of the anode layer, there is a total reflection of
the light at the first interface 2305. However, the whole of the
light that is transmitted from the light-emitting layer 214 to
the anode layer 215 is input to the first interface 2305 at an
angle not greater than the critical angle. Therefore, even ifthe
refractive index of the protective layer 218 is less than the
refractive index of the anode layer 215, the output light is not
reflected totally at the first interface 2305. Consequently, if
the refractive index of the anode layer 215 is either same or
greater than that of the light-emitting layer 214, by comparing
the refractive indices of the light-emitting layer 214 and the
output layer 230, the judgment of whether the output light
from the light-emitting layer 214 is transmitted to the output
layer 230 or not can be made.

On the other hand, when the refractive index of the anode
layer 215 is less than the refractive index of the light-emitting
layer 214, a part of the output light is reflected totally at the
interface of the anode layer 215 and the light-emitting layer
214. Therefore, there is a decline in the efficiency of the
output light.

In the display panel 203 in this embodiment, out of the
output light input to the output layer 230, the light input to a
second interface 230a at an angle smaller than the critical
angle at the interface 230a is output to the external medium.
Whereas, out of the output light input to the output layer 230,
the light having an angle of incidence greater than the critical
angle is reflected by the reflective surface 213a so that the
angle of incidence at the interface 230a becomes smaller.
Therefore, the light input to the output layer 230 is output
directly or after being reflected at the reflective surface 213a
passes through the interface 230a and is output to the external
medium. This improves the light extraction efficiency.

FIG. 20 is a cross sectional view of still another display
panel 204. The display panel 203 mentioned above includes
the reflective surface 2134 on the bank 213 surrounding (en-
closing) the light-emitting layer 214 and this reflective sur-
face 213a is disposed on the side of the light-emitting layer
214. In other words, there is no gap in a vertical direction or
in the direction of emitting between the reflective surface
213a and the light-emitting layer 214. Thus, the leakage of
light (cross talk) emitted from the light-emitting layer 214 is
prevented and the efficiency of light is the maximum in this
structure. Moreover, a small portion of the protective layer
218 is deposited on the bank 213, but there may be the
protective layer 218 on the anode layer 215. It is also possible
to have a structure in which the anode layer is covered (en-
closed) by the protective layer 218 and the thickness of the
protective layer is either same as the height of the bank 213 or
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less than the height of the bank 213. This enables to make a
very thin display panel. However, in this display panel 203,
there is a need to form the insulating layer while forming the
reflective surface 213a, to avoid short circuit between the
electrodes. This may complicate the manufacturing of the
display panel.

To avoid this, the display panel 204 in FIG. 20 includes a
protrusion 325 instead of forming the reflecting film 224 on
the inclined surface 213a of the bank 213. The protrusion 325
is made of an insulating material and is formed on a side of the
protective layer 218 in a position overlapping with the bank
213. The reflecting film 324 is deposited on an inclined sur-
face 325a of the bank and an area that is surrounded by the
protrusion 325 is covered by the protective layer 218. With
this display panel 204, there is no concern of short-circuit of
electrodes due to the reflecting film and there is no need to
form an insulating film to prevent the short circuit between
the electrodes. Thus, the display panel 204 can be manufac-
tured with ease. However, there is a gap between the light-
emitting layer 214 and the reflective surface 325a in the
direction of emission due to which there is a possibility of
leakage of light in the bank 213. The height of the protrusion
325 in the display panel 204 can be made to be the about the
same as that of the bank 213, but it is desirable to reduce the
height of the protrusion 325 to make the display panel thin.
On the other hand, when there is need to have some thickness
to perform the function of the protective layer 218 suffi-
ciently, the thickness of the protective layer 218 can be con-
trolled freely by adjusting the height of the protrusion 325.

Furthermore, in this embodiment also, similar to the dis-
play panel 203, the refractive index of the protective layer 218
that is an output layer, is either approximately same or greater
than that of the light-emitting layer 214. Due to this, there is
no component in the output light reflected in the direction D1
(direction of emission or forward direction) of the user 209.
Consequently, the whole of the output light from the light-
emitting layer 214 is transmitted to the protective layer 218
that is an output layer.

In the display panel mentioned above, the reflective layer,
which allows the light that has undergone total reflection at an
interface to be reflected and guides the light to the angle
changer, is the cathode layer being one of electrodes. How-
ever, the reflective layer and the cathode layer may be distin-
guished from each other. FIG. 21 and FIG. 22 are cross
sectional views of display panels in this case. As shown in
FIG. 21, a reflective layer 302a may be disposed between the
light-emitting layer 14 and a cathode layer 303a. This reflec-
tive layer 3024 must have sufficient conductivity so that a
voltage is applied to the light-emitting layer 14 by the two
electrodes (the anode layer 15 and the cathode layer 303a).
On the otherhand, as shown in FIG. 22, a reflective layer 3025
may be disposed immediately below a cathode layer 3035.
This cathode layer 3035 must have sufficient transparency
like the anode layer 15.

The display panel according to the present invention is
explained with an example of the display panel that is used in
aportable telephone. However, the present invention can also
be applied to a small sized display panel that is used in
personal digital assistants (PDA), car navigation etc. The
present invention can also be applied to a display for a per-
sonal computer, a television, a car navigation system, a big
sized display panel of 30 inches that are being developed a lot
in recent years. Moreover the light-emitting layer that uses an
organic EL element is explained here. However, the present
invention can also be applicable to a PDP, an LED, an inor-
ganic EL element, and organic EL element, a field emission
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element etc. that use a display panel in which a light-emitting
layer that emits light when the voltage is applied between the
electrodes.

Thus, in the present invention, by utilizing the total reflec-
tion at the interface actively, the angle of the light that is fully
reflected is changed by the angle changer like the reflective
surface that is provided at a periphery of the light-emitting
layer. Thus, by employing the thin protective layer the light
extraction efficiency can be improved similarly as in the con-
ventional display panel that includes a reflecting inclined
surface. This enables to manufacture the bright and very thin
self-emitting element and the display panel. Moreover, the
present invention enables to change the angle of propagation
oflight at a low (height) reflective surface thereby improving
not only the light extraction efficiency but also the brightness
of each pixel by reducing the size of a pixel. Thus, the self-
emitting element and the display panel, in spite of being thin
can display very bright images and characters than before.

Furthermore, in the present invention, by making the
refractive index of the output layer same or greater than that of
the light-emitting element, the whole of the output light from
the light-emitting element can be input to the output layer. By
providing the angle changer in the output layer that changes
the optical path, the refractive index is made greater. This
enables to output the output light efficiently to the external
medium to incident it at an angle smaller than the critical
angle with respect to the interface of the external medium and
the output layer having its critical angle decreased. Conse-
quently, this enables to improve the efficiency of the light to a
great extent that is output from the light-emitting element and
to provide the control panel that can display a clear and bright
image.

Furthermore, in the present invention, in addition to the
employing of the thin protective layer, the refractive index of
the output layer is made same as that of the light-emitting
element or greater. This enables to improve further the light
extracting efficiency.

What is claimed is:

1. A light-emitting element comprising:

a substrate having a first surface;

a bank above the first surface of the substrate;

a display layer disposed surrounding the bank, the display

layer including a light-emitting layer;
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a protective layer disposed above the display layer, the
protective layer having a second surface facing away
from the display layer;

aprotrusion disposed on the bank, a width of the protrusion
near the bank being larger than a width of the protrusion
near a tip of the protrusion;

a reflecting film disposed on an inclined surface of the
protrusion;

the first surface being separated from the second surface by
a first distance that is smaller than a second distance
separating the first surface from the tip of the protrusion.

2. The light-emitting element according to claim 1, the
display layer including:

a first electrode layer;

a second electrode disposed farther from the substrate than

the first electrode; and

a light-emitting layer disposed between the first electrode
and the second electrode.

3. The light-emitting element according to claim 1, the first
electrode being a reflective layer having a function to reflect
a part of light emitted from the light emitting layer.

4. The light-emitting element according to claim 1, a
reflective index of the protective layer being larger than a
reflective index of the light-emitting layer.

5. The light-emitting element according to claim 1, the
protrusion being formed by an insulating material.

6. A display panel being formed by disposing the plurality
of light-emitting element in a two dimensional in matrix
according to claim 1.

7. A display panel being formed by disposing the plurality
of light-emitting element in a two dimensional in matrix
according to claim 2.

8. A display panel being formed by disposing the plurality
of light-emitting element in a two dimensional in matrix
according to claim 3.

9. A display panel being formed by disposing the plurality
of light-emitting element in a two dimensional in matrix
according to claim 4.

10. A display panel being formed by disposing the plurality
of light-emitting element in a two dimensional in matrix
according to claim 5.



